Attachment of Mycoplasma pneumoniae to glass is reduced in the presence of protein, and fatty acid-free bovine serum albumin is more effective than Cohn fraction V. Cultures in the early log phase (pH 7.45 to 7.25) and cultures in the stationary or decline phase (pH 6.9 to 6.4) were more sensitive to this inhibiting effect of protein-containing buffer. Treatment of the glass surface with bovine serum albumin, concanavalin A, or polylysine reduced attachment of the mycoplasma cells. The inhibiting effects of both proteins in buffer or on the glass surface could be overcome by the addition of glucose. Modification of the mycoplasma surface charge by blocking of carboxyl groups or neutralization of ionic lipids by tetracaine altered the attachment level, whereas fibronectin and its corresponding antiserum were without effect. The results suggest that the mycoplasma interaction with glass is a complex multifactorial process. In proteinfree buffer both hydrophobic and electrostatic forces are involved; in proteincontaining fluid, other factors seem to be involved. The energy required for this type of attachment could be necessary for maintenance of cell shape or synthesis of polypeptides.
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The data so far available on glass attachment of the respiratory pathogens Mycoplasma pneumoniae and Mycoplasma gallisepticum are not sufficient to allow definite conclusions about the nature of the bonds responsible for this particular kind of interaction (5, 8, 10, 18, 31, 32) . Obviously, the negatively charged mycoplasmas (29) are repelled when approaching the negatively charged glass surface. However, the repulsive forces may be counteracted by hydrophobic molecules on the mycoplasma membrane. Furthermore, the two surfaces, although negatively charged, may nevertheless attract each other by long-range forces (14) caused by atomic and molecular vibrations that produce fluctuating dipoles of similar frequencies on each surface (the DLVO theory; 17, 27) . Besides this rather nonspecific binding, which can be abolished by bovine serum albumin (BSA) (10, 18) , the mycoplasmas seem to possess an additional ability to attach to inert surfaces even in the presence of proteins. This mechanism appears to operate only in metabolically active organisms, i.e., M. pneumoniae cells cultured either in complete growth medium (10) or energized by the addition of glucose (7, (10) (11) (12) . M. pneumoniae grows on inert surfaces in the shape of a short filamentous cell with distinct terminal structure, cell body, and tail-like end (3, 5, 6). Unfavorable or damaging conditions often result in rounding of the cells. M. pneumoniae cells suspended in liquid medium have a somewhat different appearance (4). In this communication, the possible role of cell shape in mycoplasma attachment to glass is discussed, and further evidence for the involvement of ionic and nonionic forces in this process is presented.
MATERIALS AND METHODS
Mycoplasmas and cell shape. The growth and collection of [ H]palmitic acid-labeled M. pneumoniae strain FH cells was carried out as described previously (10) . The effect of the various substances on the morphology of the mycoplasmas grown in glass cover slip chambers (5) was studied by phase microscopy on cells which showed the typical elongated cell shape (6) . Only concentrations of the substances which did not affect the elongated form were used because rounded mycoplasmas are known to give low attachment values (11) .
Mycoplasmas from cultures in the late log phase (pH 7.1 to 7.0) or stationary phase (pH 7.0 to 6.8) (9) . Since the tertiary amine group of the drugs is positively charged at the pH of the solutions used, its incorporation into the mycoplasma membrane was expected to neutralize the charge when interacting with the negatively charged ionic lipids (9) .
Attachment assay. Attachment of M. pneumoniae to glass was studied by a quantitative method as described previously (10) . Briefly, radioactively labeled cells were allowed to settle on glass cover slips for 2 h at 37°C. During this time the substances to be tested were present in the experimental system. The cover slips were then rinsed and transferred to scintillation vials for counting. The buffer systems used were Tris buffer, pH 7.2 (10), BSA buffer (Tris buffer containing 10 mg of BSA per ml) (10), and BSA-glucose buffer (BSA buffer containing 0.5 mg of glucose per ml) (11) .
Pretreatment of cover slips. Cover slips were incubated for 30 min at 37°C in Tris buffer containing BSA (10 mg/ml) (15) or ConA (1 mg/ml) (15). In the case of polylysine the cover slips were flamed several times and then briefly dipped into a suspension of 1 mg of polylysine (15, 22) per ml of Tris buffer. After washing and removing excess solution with filter paper the glass was air dried.
RESULTS
Effect of BSA on glass attachment of M. pneumoniae harvested at different growth phases. In experiments with mycoplasmas from 81 different cultures at different pH levels the influence of the growth stage on the attachment-reducing effect of BSA was tested (Fig. 1) . BSA (10 nlg/ ml) was most effective on cells harvested from cultures at pH 7.45 to 7.25 (early log phase) or from cultures at pH 6.9 to 6.4 (stationary or decline phase). Furthermore, the addition of glucose (0.5 mg/ml) to the BSA buffer was most effective on cells from these growth stages of the cultures; attachment was increased by 10-fold or more as compared with a 2-to 5-fold increase with exponential-phase cells. The latter cells showed highest attachment levels at pH values between 6.9 and 7.3 ( Fig. 1) .
Fatty acid-free BSA. The possible effect of fatty acids on attachment was tested by using fatty acid-free BSA instead of Cohn fraction V. The results ( Table 2 ). The addition of BSA (10 mg/ml) to the mycoplasma suspension further reduced the percentage of bound cells. However, this low level of attachment was significantly enhanced by the addition of glucose at the optimal concentration (0.5 mg/ml).
Fibronectin. Since M. pneumoniae is grown in a serum-containing medium, it was of interest to find out whether fibronectin was involved in mycoplasma attachment to glass. In an attempt to bind and activate the fibronectin (15) , gelatin (3 mg/ml) was added to the mycoplasmas suspended in growth medium. Attachment was not affected by this treatment, and antifibronectin antiserum (10%) was also without effect.
Electrostatic forces. Protein amino or carboxyl groups of the mycoplasma membrane were chemically modified to alter the surface charge of the cells. The results (Table 3) revealed that blocking of carboxyl groups by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide considerably increased attachment of mycoplasmas suspended in either Tris buffer or BSA-glucose buffer. Blocking of amino groups by formaldehyde showed no effect. When both types of ionic groups were simultaneously neutralized, the enhanced binding level caused by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide remained unaffected (data not shown).
In a further experiment the effect of the local anesthetics tetracaine or procaine was tested. In BSA-glucose buffer tetracaine ( (10) we demonstrated that at high densities of mycoplasma suspensions a marked decrease in attachment to glass occurred. Considering the data presented here it seems very likely that medium-derived components such as albumin or other (glyco)proteins (25, 28) , either in a free form or adsorbed onto the mycoplasma surface, are responsible for this reduction. It is also conceivable that attachment-inhibiting proteins of cellular origin are involved. Presumably both events are acting together, becoming relevant at high cell densities (15) at which sufficient quantities of such proteins are present to saturate binding sites on the mycoplasmas and adsorption sites on the glass surface. This is supported by the fact that the mycoplasmas attach to BSA-covered glass surfaces to a considerably lesser degree (about 20%). However, attachment could be further reduced by the addition of BSA to the mycoplasma suspension, suggesting that binding of BSA to the mycoplasmas also plays a distinct role in blocking glass attachment. Here, the effect of BSA might be due to its ability to bind to nonpolar substances (2, 13, 23) , as fatty acids, cholesterol, or other steroids which constitute about one-third of the mycoplasma membrane mass (24, 25) . This assumption was confirmed by experiments in which essentially fatty acidfree albumin proved to be a more potent inhibitor than normal albumin of Cohn fraction V. The results further exclude the possibility that the attachment process is influenced by an exchange offatty acids between fatty acid-containing BSA and mycoplasmas. A similar result, where the nonpolar binding sites of BSA combined with sites on the cell surface and thus prevented attachment to glass, was recently reported for marine microorganisms (13) . ConA is presumed to bind specifically to glycolipids exposed on the surface of M. pneumoniae (20, 28) . However, it did not increase attachment, suggesting that ConA was bound to the glass via the hydrophobic sites which are closely appositioned to the sugar-binding activity of this lectin (30) . The reduced attachment value to the polylysinecoated cover slips especially supports the notion that the negative charges on the glass surface are necessary for an effective binding of mycoplasmas in protein-free buffer. Further evidence for this concept comes from the following data: (i) M. pneumoniae cells in Tris buffer also firmly adsorbed to uncoated polystyrene, i.e., untreated tissue culture dishes containing electronegative sites on the surface (21); (ii) the adsorption of M. pneumoniae to Pyrex glass was superior to the adsorption to soda glass (32); and (iii) reduction of negative charges on the mycoplasma membrane by anesthetics or carboxyl group blockers or incubation of the cells at pH 5.5 (10) caused a remarkable increase in attachment. This increased attachment is apparently not simply due to electrostatic attraction to the now studies on the attachment capacity of M. pneumoniae to erythrocytes (1, 26) .
The idea that fibronectin also played some role in M. pneumoniae attachment was favored by the recent findings that attachment to cover slips coated with serum (10) or growth medium (7) was not abolished by BSA, suggesting a more specific binding to adsorbed protein. However, fibronectin and antiserum against it showed no effect, and these results compare favorably with the data of experiments in which the influence of fibronectin-free serum on mycoplasma attachment to glass was studied (19) .
The interaction of mycoplasmas with glass is clearly a multifactorial event. In protein-free buffer both hydrophobic and electrostatic forces seem to mediate a mechanism which was found to be essentially trypsin insensitive (10) . On the other hand, experiments in a protein-rich environment with sugars and inhibiting substances (11) suggests that an intact energy metabolism is required for a second, more specific, type of attachment. In this process proteins may play an important role because the process is significantly influenced by trypsin (11) and amino acidblocking substances (7) and under control of catabolite repression (12) . Obviously, several steps (27, 34) could participate in attachment of M. pneumoniae to inert surfaces; at some stage in the approach of the mycoplasmas to a solid surface, the force of electrostatic repulsion will equal the attractive force, thus holding the two surfaces in a weak secondary minimum under the influence of van der Waals forces (DLVO theory). Such a mechanism is also proposed for   FIG. 2 . Schematic presentation illustrating the approach of a negatively charged mycoplasma to a negatively charged glass surface. Round cells are unable to make close contact with the glass due to electrostatic repulsion. When mycoplasmas assume an elongated shape which shows a tip structure (3) they may penetrate the electrical double layer and attach firmly to the glass surface. the sticking of fimbriated gonococci to themselves and glass or polystyrene (34) . For mycoplasmas energized by sugars it would be now possible to enter the primary energy minimum and attach more firmly via a protein-containing structure. To achieve this the organisms have to adopt a more stretched form enabling them to overcome the electrical double layer (Fig. 2) . A similar phenomenon was reported for metabolically active granulocytes and macrophages attached to glass (33) . This raises the intriguing question of whether the rather spherical morphology of several mycoplasma species such as M. pulmonis, M. hominis, and M. salivarium may be the major cause for their poor capacity to attach to glass surfaces. ACKNOWLEDGMENT This project was supported by grant Br 296/13 from the Deutsche Forschungsgemeinschaft, Germany.
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